Background Living arrangements have changed markedly in recent decades, so we wanted to provide an up-to-date assessment of mortality as a function of marital status and cohabitation status in a complete population.
Background
It has long been known that mortality is higher in unmarried, divorced and widowed than married people. [1] [2] [3] [4] [5] Over the past decades, however, living arrangements have changed markedly in Western societies. We used national demographic data in Denmark 6 (population 5.6 million in 2011) to create a complete day-by-day record of each adult citizen's marital status history between 1968 and 2011. For the same period, we developed an address-based algorithm to also identify each citizen's complete day-by-day cohabitation status history. Taking socioeconomic confounders available since 1982 into account, we here address how living arrangements were linked with overall and cause-specific mortality among Danish men and women between 1982 and 2011.
Materials and Methods
The cohort From the Civil Registration System (CRS), 7 we identified a cohort of 6.5 million adult persons (18 years or older) who resided in Denmark for any period between 1 January 1982 and 30 September 2011. Each cohort member's unique personal identification number enabled identity-secure linkage of data between registers.
Marital status
For each day under observation, the CRS provided data on the marital status for all cohort members. Between 1 January 1982 and 30 September 1989, there were four marital status categories: (i) unmarried (never married), (ii) married, (ii) divorced or (iv) widowed. Since 1 October 1989, three additional categories appeared, namely homosexually married, divorced or widowed, following the implementation of the world's first national law on registered same-sex partnerships; 8 to gain statistical power we combined these categories in (v) current or former same-sex marriage. In analyses of prior marriages, we included day-by-day information about marital status since 1 April 1968, when the CRS was established.
Cohabitation status
From CRS data we created a variable capturing each cohort member's continuously updated cohabitation status between 1982 and 2011 in five categories. Periods when cohort members lived with one or both parents were categorized as (i) living with parents. Periods when cohort members lived at the same address as 59 unrelated adults were categorized as (ii) living in multi-adult household. Periods when cohort members lived at an address that was not shared with a spouse or any unrelated adult person with an age difference less than þ/À 15 years were categorized as (iii) living as a single person. Periods when cohort members lived at a specific address with only one other adult person (a spouse regardless of age difference or any unrelated adult person aged þ/À 15 years) were categorized as (iv) living in opposite-sex cohabitation or (v) living in same-sex cohabitation, as appropriate. When cohort members shared address with 2-8 unrelated adult persons aged þ/À 15 years, we used a two-step algorithm to define periods of living in opposite-sex cohabitation, same-sex cohabitation or multi-adult household, as specified in the Appendix. In analyses of prior cohabitations of at least 1 year's duration, we included cohabitation data since 1 April 1968.
Mortality data
From the CRS we obtained dates of death between 1 January 1982 and 30 September 2011. We obtained information about specific causes of death until 31 December 2010 from the Danish Register of Causes of Death 9 to study cause-specific mortality from (i) cardiovascular diseases, (ii) malignant neoplasms, (iii) respiratory tract diseases, (iv) suicide, (v) acquired immunodeficiency syndrome (AIDS) and (vi) other causes. Causes 1, 2, 3 and 4 represent four of 14 specific causes used in national mortality statistics. AIDS (cause 5) was defined from specific mortality codes (ICD-8 code 079.7 through 1993; ICD-10 groups B20-B24 since 1994). Cause 6 represents all causes other than causes 1-5. We included AIDS mortality to evaluate mortality in subgroups of same-sex cohabiting men, because AIDS mortality is markedly elevated in homosexual men. 10, 11 Covariates From the CRS and Statistics Denmark we obtained daily or annually updated individual-level information about a number of potential socio-demographic confounders. Examined adults in household other than the index person and the spouse or cohabiting partner (in analyses of marital status and cohabitation status, respectively) (two categories: 0 or 1þ; time-dependent covariate, 1-day intervals); educational level (eight categories representing the index person's highest obtained level of education: basic school, high school, vocational education, short higher education, medium higher education, long higher education, university education with academic degree or unknown level of education, time-dependent covariate, 1-year intervals); and relative income 2 years before the actual year (in quartiles, calculated on the basis of income levels for persons of the same sex and birth year; time-dependent covariate, 1-year intervals). As in other studies 13, 14 , we used income 2 years before to reduce possible misclassification due to diseaseassociated changes in socio-economic conditions.
Statistical analysis
Women and men were analysed separately. Cox proportional hazards regression analyses yielded hazard ratios (HRs) with 95% confidence intervals (CIs) as our measure of relative mortality. Unless otherwise specified, we used married persons and persons in opposite-sex cohabitation as reference categories. We used attained age (1-day intervals) as the underlying time scale in all analyses, except one specifically aimed to illustrate HRs as a function of calendar time, in which we used calendar time (1-day intervals) as the underlying time scale. In all analyses, we stratified for birth year (1-year intervals) thereby also taking main effects of calendar time (or attained age in the calendar time analysis) into account. We evaluated the above-mentioned potential confounders one by one in a Cox model stratified only for birth year. To be included as a stratification variable, we required a covariate to produce a change of 510% in the HR estimate for overall mortality in the period 1982-2011 for at least one examined marital status or cohabitation category compared with the corresponding estimate obtained in the simpler model stratified only for birth year. Four covariates met this criterion. Consequently, in addition to inherent control for age, birth year and calendar period, we stratified for actual values of municipality, population density, educational level and relative income 2 years before the actual year, unless otherwise specified.
Initial analyses of secular trends in HRs for overall mortality were based on data for the period 1982-2011. Most subsequent analyses were restricted to the period after 1 January 2000 to focus on data with greatest relevance for society today. Because serious illness may lead to changes in marital status or cohabitation status, we examined to what extent HRs for overall mortality for the period 1982-2011 were influenced by alternative definitions, using marital status and cohabitation status 6, 12, 24 or 60 months before the day of observation. Specifically, we compared the Akaike information criterion (AIC) obtained in these supplementary models with corresponding AIC scores in the main model to identify the best fitting model. 15 Reassuringly, the preferred definition of cohabitation status, as judged by the highest AIC score, was cohabitation status on the actual day of observation. Analyses of marital status suggested optimal model fit when using marital status 6 months (men) or 12 months (women) before the actual day, but HR estimates in these analyses were generally similar to those based on actual marital status (not shown). Consequently, all presented results are based on actual marital status and actual cohabitation status.
Our address-based algorithm almost inevitably linked some individuals together as cohabiters notwithstanding that they might share address for a number of impersonal reasons. This consideration seems particularly important for periods of same-sex cohabitation, because such living arrangements should not be uncritically regarded as homosexual cohabitation. 16 A non-trivial proportion of people living in same-sex cohabitation were probably nonhomosexual persons living with a same-sex friend or tenant. We analysed AIDS mortality to explore this issue, knowing that 70% of AIDS cases in Danish men until December 2010 occurred in men who have sex with men. 11
Proportional hazards assumption
We used age as the time scale in all but one analysis, because mortality is strongly age-dependent. Associations between the two explanatory variables, marital status and cohabitation status, and mortality also vary markedly by age, thus violating the proportional hazards assumption. To overcome this, we modelled HRs as a function of age using restricted cubic splines with knots every 10 years starting at age 25 years. Likewise, when analysing HRs as a function of calendar time we used restricted cubic splines with knots every 2, 4 or 5 years, depending on the particular marital status or cohabitation status category. 17 To determine if sufficient knots had been introduced we plotted the martingale-based residuals as a function of the underlying time, which revealed visually satisfactory fit in all models. 18 All analyses were performed using SAS version 9.2.
Results
Overall, 3.25 million men and 3.29 million women contributed at least 1 day of adult observation time between 1 January 1982 and 30 September 2011. A total of 1 709 850 deaths occurred in this period (853 919 in women, 855 931 in men).
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Distribution of person-years in marital status and cohabitation status categories 1982-2011
By marital status, approximately half of the altogether 122.5 million person-years of observation were in married persons (51.3% for women; 53.6% for men) ( Table 1) . The remaining observation time was among unmarried (26.0%; 34.6%), divorced (9.8%; 8.0%), widowed (12.8%; 3.7%), and same-sex married (0.1%; 0.1%) women and men, respectively. By cohabitation status, most of the observation time was in opposite-sex cohabiters (61.1% in women; 63.9% in men), followed by single persons (30.9%; 22.7%), persons living with parents (4.0%; 7.5%), persons in multi-adult households (3.0%, 4.0%) and same-sex cohabiters (1.0%, 1.9%), respectively. The cross tabulation in Table 1 illustrates that, for example, for opposite-sex married women 94.0% of the time under observation was lived in opposite-sex cohabitation, whereas for women in opposite-sex cohabitation only 78.9% of the time under observation was lived in opposite-sex marriage. This is roughly equivalent to saying that around 94% of married women lived with a man (presumably the spouse), whereas 79% of women living with a man were married (presumably to that man).
Secular trends in living arrangements 1982-2011
Marked changes in living arrangements took place during 1982-2011. Gradual declines were seen in proportions of married (women: from 58% to 49%; men: from 61% to 51%) and widowed persons (women: from 14% to 11%; men: from 4% to 3%), with corresponding increases in proportions of unmarried (women: from 21% to 30%; men: from 30% to 37%) and divorced persons (women: from 7% to 11%; men: from 6% to 9%) ( Figure 1 , upper panels). Changes in cohabitation status during 1982-2011 included decreasing proportions of people living in opposite-sex cohabitation (women: from 64% to 59%; men: from 68% to 61%) and corresponding increases in proportions of single persons (women: from 28% to 32%; men: from 19% to 26%). Proportions living with parents, in multi-adult households or in same-sex cohabitation were rather stable ( Figure 1 , lower panels).
Secular trends in HRs for overall mortality 1982-2011
Marital status Being opposite-sex married (reference, HR ¼ 1) was associated with consistently lower mortality than all other marital status categories (Figure 2 , upper panels). Among women, HRs for widows (around 1.4) and divorcees (around 1.6) were rather stable, whereas HRs for unmarried women increased from around 1.5 to 1.7 between 1982 and 2011. Among men, increasing HRs over time were observed for widowers (from around 1.2 to 1.4), divorcees (from around 1.3 to 1.7) and, most markedly, for unmarried men (from around 1.2 to 1.7). Mortality was markedly elevated among persons in same-sex marriage in the first decade after its introduction in 1989.
Since the year 2000, mortality among same-sex married women has remained higher than in all other marital status categories, with a tendency towards increasing HRs in recent years. In contrast, mortality among same-sex married men has reached a level below that of unmarried and divorced men and similar to that of widowed men (HR around 1.4 in 2011).
Cohabitation status.
Persons in opposite-sex cohabitation (reference, HR ¼ 1) consistently had the lowest mortality ( Figure 2 , lower panels). HRs were markedly elevated for persons in multi-adult households (women: 4.4-5.9; men: 2.7-4.0). Also, persons living with parents had increased HRs (women: 1.6-2.3; men: 1.5-1.9). Among women, increasing HRs were seen for those living as a single (from 1.4 to 1.8 between 1982 and 2011) and those living in same-sex cohabitation (from 1.6 to 2.2). An even more pronounced increase in mortality was seen among single men (from 1.3 to 2.1), whereas HRs were rather stable (1.5-1.7) for same-sex cohabiting men throughout the study period.
Age-specific HRs for overall mortality 2000-2011
We next studied overall mortality between 1 January 2000 and 30 September 2011 (n ¼ 652 159 deaths).
Marital status
Age-specific HR patterns for unmarried and divorced persons were rather similar, with mortality rates exceeding those of married persons in all age groups above 30 years (Table 2 ; Figure 3 , upper panels). Among women, peaks were in unmarried (HR ¼ 1.9) and divorced (HR ¼ 1.7) 50-69 year-olds, whereas among men, peaks occurred around 20 years earlier in unmarried (HR ¼ 2.0) and divorced (HR ¼ 2.1) 30-49 year-olds. In all age groups, women in same-sex marriage had markedly increased mortality (HRs between 1.7 and 3.5). For men, widowers and those in same-sex marriage had the highest HRs below age 50 years. However, above that age same-sex married men experienced the lowest mortality among all groups of men who were not in opposite-sex marriage.
Cohabitation status
At all ages the reference category of opposite-sex cohabiters had lowest mortality (Table 2; Figure 3 , lower panels). Highest HRs were seen for single men (peak around age 40 years) and persons in multi-adult households (peaks around age 35 years in women and 45 years in men and, most notably, above age 70 years in both sexes). Among women below age 70 years, lowest HRs, although consistently above 1.3, were in Table 1) status records since age 18 years (Table 3 ). There were strong positive associations between the number of prior opposite-sex marriages and overall mortality in both women and men (27% and 16% increase in mortality among women and men, respectively, per additional prior opposite-sex marriage). Likewise, although numbers were sparse, mortality increased in both women and men (by 45% and 42%, respectively), with each additional prior same-sex marriage. Mortality also increased (by 11% in women and 4% in men) with each additional prior opposite-sex cohabitation of at least 1 year's duration, whereas Hazard ratios obtained in Cox regression models with age as the underlying time scale stratified for birth year and socioeconomic confounders (municipality, population density, educational level, and relative income two years before the actual year). Hazard ratios for the number of prior opposite-sex marriages (and prior same-sex marriages) obtained in Cox regression models with age as the underlying time scale with adjustment for actual marital status and number of prior same-sex (opposite-sex) marriages, and stratified for birth year and socioeconomic confounders (municipality, population density, educational level, and relative income two years before the actual year). Hazard ratios for the number of prior opposite-sex cohabitations (and prior same-sex cohabitations) of at least 1 year's duration are calculated with adjustment for actual cohabitation status and number of prior same-sex (opposite-sex) cohabitations of at least 1 year's duration with similar stratifications for birth year and socioeconomic confounders.
mortality was not (women) or only marginally (men) associated with the number of prior same-sex cohabitations of at least 1 year's duration (Table 3) .
HRs for overall mortality as a function of both marital status and cohabitation status 2000-2011
Having explored patterns of mortality among categories of marital status and cohabitation status separately, we next combined them to examine, within each marital status, mortality among specific cohabitation status categories (Figure 4 ), restricting the focus to single persons, opposite-sex cohabiters and same-sex cohabiters to reduce complexity. Patterns were similar in women and men. Whether unmarried, married, divorced or widowed, compared with opposite-sex cohabiters, HRs were consistently higher among those living as a single (women: 1.4-2.5; men: 1.6-2.5) and those in same-sex cohabitation (women: 1.2-2.9; men: 1.6-2.5). Among same-sex married persons, a category comprising both currently and formerly same-sex married persons, HRs were higher (1.4 in both women and men) among those currently living as a single than among those in same-sex cohabitation.
We also examined, within each cohabitation status, mortality among specific marital status categories ( Figure 5 ). Among persons living as a single, widows/widowers had low HRs, and married persons had high HRs, whereas divorced persons had mortality rates comparable to the reference group of unmarried persons. Among single-living men, those in current or former same-sex marriage had slightly lower mortality than unmarried men. Conversely, among single-living women, those in current or former same-sex marriage had higher mortality than unmarried women. Among opposite-sex cohabiters, mortality patterns in marital status subgroups differed noticeably between the sexes. Among opposite-sex cohabiting women, lowest mortality was in married women, with successively higher HRs among unmarried, widowed and divorced women. In contrast, among opposite-sex cohabiting men, mortality was lower among unmarried or widowed men than among married or divorced men.
Among same-sex cohabiters, mortality was highest among those who were opposite-sex married or widowed; among same-sex cohabiting men those in same-sex marriage had lowest mortality.
HRs for cause-specific mortality 2000-2010
We analysed HRs of dying from cardiovascular diseases, malignant neoplasms, respiratory tract diseases, suicide, AIDS and 'other causes' between 1 January 2000 and 31 December 2010 (n ¼ 613 380 deaths) ( Table 4 ). Unmarried, divorced and widowed persons had consistently elevated HRs for each of the six specified causes of death. Same-sex married women also had increased mortality, notably from suicide (HR ¼ 6.4), cancer (HR ¼ 1.6) and 'other causes' (HR ¼ 1.5). Among same-sex married men, HRs for cardiovascular disease and cancer mortality, the two most common causes of death in Denmark, were inconspicuous, whereas deaths from suicide (HR ¼ 4.1), AIDS (HR ¼ 356) and 'other causes' (HR ¼ 1.6) were increased.
HRs for cause-specific mortality varied considerably more across cohabitation status categories. Without exception in either sex, cause-specific mortality in each of the studied cohabitation status categories was higher than that observed for the reference category of opposite-sex cohabiters. Particularly high HRs were seen for persons in multi-adult households. Likewise, AIDS mortality was markedly elevated among same-sex cohabiting men (HR ¼ 49.8), men in multi-adult cohabitation (HR ¼ 23.6) and single men (HR ¼ 15.1), as well as among women in multi-adult households (HR ¼ 18.4) .
Finally, we examined to what extent same-sex cohabitating men might serve as a proxy for cohabiting homosexual men (Table 5 ). When compared with men in opposite-sex cohabitation, HRs for AIDS mortality between 1982 and 2010 were rather extreme for men whose actual (HR ¼ 74.3) or cumulative period in same-sex cohabitation since 1968 (HR ¼ 62.4) exceeded 60 months. Also, regardless of actual cohabitation status, men with a cumulative period of 5 60 months in same-sex cohabitation since 1968, had markedly increased risk (HR ¼ 17.9) compared with men who never cohabited with another man. Combining information about marital status, cumulative period in same-sex cohabitation and municipality yielded greater specificity; in a Cox model with age as the underlying time scale and stratified for birth year, educational level and relative income, unmarried or divorced men in Copenhagen with 560 months of same-sex cohabitation since 1968 were markedly more likely to die from AIDS (113 AIDS deaths during 110 132 person-years) than married or widowed men in other parts of the country who had never cohabited with another man (161 AIDS deaths during 26 155 610 person-years; HR ¼ 139; 95% CI: 108-179).
Discussion
Our study expands century-old knowledge that married people generally have lower mortality than unmarried and divorced persons. 1 Over the years, authors have investigated the role of marital status [2] [3] [4] [5] but no prior study has explored overall and cause-specific mortality in an entire country using complete day-by-day individual-level information about actual living arrangements over almost 30 years with additional 14 years of marriage and cohabitation history to refine cumulative exposures. Our study has several advantages. With a total of 6.5 million adult persons followed for 122.5 million person-years, during which period a total of 1.71 million deaths occurred, our study had unprecedented power to provide precise HR estimates and even enabled meaningful analyses of persons in same-sex marriage. Another asset is that we did not rely on self-reports for any explanatory variables, covariates or outcomes. Rather, our study relied on high-quality national registers that use as key the unique personal identifier ascribed to Danish residents at birth or immigration, 7 thus ensuring accurate linkage of data between registers. Ethnically and socially Denmark is a relatively homogeneous population with only 12% of the observation time between 1982 and 2011 in persons born in non-Western countries; we examined if country of birth was a potential confounder, finding no evidence that HRs for overall mortality were materially influenced by ethnicity. We also studied mortality according to cohabitation status. Most married people (94%) lived with an opposite-sex partner, and the remainder lived alone, in multi-adult households, with parents or in same-sex cohabitation. By combining information about marital status and cohabitation status, our study revealed 2-fold or higher mortality in married persons not living with their spouse (Figure 4 ), a finding that has not been reported before. Another novel observation was that being married was not always protective. Among single-living persons and same-sex cohabiters, opposite-sex married men and women had noticeably higher mortality than unmarried and same-sex married persons, respectively ( Figure 5) .
In several situations, mortality patterns according to cohabitation status were parallel to findings for marital status. This is perhaps unsurprising considering that most (94%) married women and men lived in 19 Like in prior studies and the present larger Danish cohort, the authors showed that married people have lower mortality than non-married peers. Moreover, adding marital history information to their regression model improved model fit considerably, implying that marital status history conveys important information beyond that captured by marital status at baseline. We took this a step further; whereas marital status history in the Finnish/British/Welsh study was approximated by census data on marital status from 1971, 1981 and 1991, we utilized day-by-day marital status information available in the Danish population since 1968. Our data showed that, after controlling for actual marital status and confounders, HRs for overall mortality increased by a remarkable 27% in women and 16% in men per additional prior opposite-sex marriage. To our knowledge, no prior study has provided estimates of this kind. Our results show that whereas Danish women and men are rather equally susceptible to the effects of actual marital status ( Table 2) , effects of prior marriages are stronger in women than men (Table 3) . A noteworthy exception to the similarities between women and men with respect to actual marital status was for same-sex marriage, which was more strongly associated with mortality in women (HR ¼ 1.89) than men (HR ¼ 1.38). Lesbians may constitute a largely unnoticed high-risk population for suicide [20] [21] [22] and breast cancer, [23] [24] [25] so our findings call for efforts to identify responsible underlying factors and ensure access to basic health care in this minority population.
Mortality differences according to marital status and cohabitation status may have a number of explanations, either working alone or in combination. A beneficial effect of marriage or, conversely, a negative effect of divorce or widowhood, has been proposed, which might reflect the influence of better financial status, healthier lifestyles and higher levels of social support among the married 19, 26 and it is reasonable to assume that such advantages may be shared to some extent by persons in unmarried cohabitation. Alternatively, marriage and cohabitation per se may not be all that important. Rather, personal traits associated with health status and subsequent mortality may influence the likelihood of entering and staying in marriage or cohabitation. If so, the lower mortality among the married or cohabiting than among the unmarried or single might reflect basic selection mechanisms that differentially lead greater proportions of healthy than unhealthy individuals into marriage and cohabitation.
A number of social factors may affect health and, thus, be associated with mortality in ways that might confound associations of living arrangements with mortality. To reduce the risk of spurious associations, we examined a number of socio-demographic factors as potential confounders; of seven covariates examined, only four met our confounder criteria, including educational level, relative income, municipality and population density. We cannot exclude the possibility that additional, unmeasured factors associated with social disadvantage or poor health were influential, for example in the observed high mortality among people in multi-adult households. However, by stratifying our analyses for the four identified confounding factors, we believe our HR estimates represent valid expressions of associations between living arrangements and mortality in Denmark.
With due caution our novel address-based cohabitation variable permits the study of minority groups of non-heterosexual people with unprecedented statistical power and what appears to be acceptably high levels of specificity. So far, the possibility to study demographically complete subsets of homosexuals has largely been restricted to countries where same-sex marriage is legal, as exemplified by studies of cancer incidence, suicide risk and overall mortality among same-sex married lesbians and gays. 21, 27, 28 Here, we provide updated mortality estimates for same-sex married lesbians and gays, whom we followed for approximately 55 000 and 74 000 person-years, respectively, between 1989 and 2011. A particularly promising feature is that, in addition to studying these well-defined and complete groups of same-sex married persons, our cohabitation algorithm helped to identify another larger group of persons that most likely comprised a major proportion of cohabiting homosexual men. Specifically, we delineated 110 132 person-years of observation between 1982 and 2010 among unmarried or divorced men in Copenhagen who had lived 560 months in same-sex cohabitation since age 18 years. In this group, which was around 50% larger and presumably covered broader segments of homosexual cohabiters than those in same-sex marriage, AIDS mortality was 139-fold increased over that of married or widowed men in other parts of Denmark who never lived with another man. Although plausible, due to the lack of similarly specific outcomes for lesbians we cannot tell to what extent unmarried or divorced women in long-term same-sex cohabitation will serve as an equally good proxy for cohabiting lesbians. Future studies should examine these matters in more detail, because population-based investigations are needed to address understudied health needs in lesbians and gay men. 25, [29] [30] [31] [32] From a public health viewpoint it is important to try to identify those underlying factors and mechanisms that explain the lower mortality among married and cohabiting persons. Several studies have shown that married and cohabiting persons generally have healthier lifestyles than unmarried and single persons. [33] [34] [35] By including several socio-demographic variables as stratification variables in our study, notably education, income and municipality, we probably accounted partly for the variation in such lifestyle factors. However, since our findings are not cleaned of the influence of tobacco smoking, drug use, excessive alcohol consumption, overweight, sedentarism, unhealthy diets and other indicators of poor health or social disadvantage, such factors are likely to explain, at least in part, the increased mortality among persons not currently married or living in opposite-sex cohabitation. [33] [34] [35] [36] [37] Overall, our study confirmed and expanded known associations between marital status and mortality, and we provide the first national assessment of links between cohabitation status and mortality. Among advantages of studying marital status is the Hazard ratios obtained in Cox regression models with age as the underlying time scale stratified for birth year and socioeconomic confounders (municipality, population density, educational level, and relative income two years before the actual year).
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likelihood of capturing people in strongly committed relationships. However, a non-negligible minority (around 6%) of opposite-sex married persons did not live with their spouse. Non-married cohabitation may more accurately divide persons in relevant living arrangements in countries where unmarried cohabitation is broadly accepted. On the other hand, cohabitation does not necessarily imply a close personal relationship, as people may share address for other reasons as well. Depending on the setting, some research questions may be best addressed using marital status whereas others may benefit from cohabitation algorithms like ours. For instance, future studies of health patterns among homosexual persons will gain statistical power, and presumably be more representative of the target population, when combining information about marital status (being unmarried, divorced or, if optional in the particular geographical setting, in same-sex marriage) and cohabitation status (having lived for a non-trivial period in same-sex cohabitation). Importantly, however, researchers should examine the relevance of such algorithms in their own setting, because marriage and cohabitation may have different social and health implications in different cultures.
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KEY MESSAGES
Marriage has long been known to be associated with reduced mortality, but noticeable changes have occurred in the marital status distribution of Western populations over the past decades.
Our study assessed changes in marital status and cohabitation status in Denmark over a 30-year period (1982-2011) and their associations with mortality, using continuously updated individual-level information on living arrangements, confounders and deaths.
Compared with opposite-sex married persons, hazard ratios for overall mortality were consistently elevated in unmarried, divorced, widowed or same-sex married persons. Likewise, compared with opposite-sex cohabiting persons, hazard ratios for overall mortality were consistently elevated among persons living alone, with parents, in multi-adult households or in same-sex cohabitation.
The requirement for reciprocity in the possible cohabiting partner status served to reduce the inclusion of periods of unclear cohabitation patterns in the living in opposite-sex cohabitation and living in same-sex cohabitation categories. For instance, in a household composed of three unrelated adults who were not married to each other, who had no shared children, and who had no history of simultaneous relocation, a 40 year-old woman might share address with a man aged 50 years and a woman aged 60 years. Following our criteria, both women would have the 50 year-old man as their possible cohabiting partner, due to the less than 15 years age difference. Consequently, the 50 year-old man would be both women's possible cohabiting partner. However, for the 50 year-old man, neither woman would be his possible cohabiting partner, because we had no means to select one woman over the other. In such a household, therefore, the requirement for reciprocity with respect to the possible cohabiting partner status was not met. As a consequence, for as long as they lived together, all three persons would be categorized as living in multi-adult household. In a similar household of three unrelated adults, where the 50 year-old man had a child with the 40 year-old woman, these two unrelated persons would be each other's possible cohabiting partner, and they would both be categorized as living in opposite-sex cohabitation. In that example, the 60 year-old woman would also have the 50 year-old man as her possible cohabiting partner, but the requirement for reciprocity would not be met, implying that the 60-year old woman would be categorized as living in multi-adult household.
